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Short list of topics

• Why the Pasa/Altro
• Mipp TPC data path requirements
• Lessons learned from previous TPC Sticks
• Review of previous Pasa/Altro Layouts
• Design and layouts of new Sticks
• Power , Thermal and other limitations.
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ALTRO Production and Test Summary



process:   AMS CMOS 0.35 μm

area: 18 mm2

MPR samples:   Jan ‘02

ER samples (500 chips):   Sep ’03

full delivery (49359 chips):   Jan ’04

Completion of mass test:   May ’04

yield (working chips):   94%

yield = 83% :  |CG| < 5%, |PT|<5%, |BSL| < 5%

Production Engineering Data

11mW / ch12mW / ch< 20mWPower consumption
2% (r.m.s.)~1%Gain dispersion
< 0.1%0.4%<0.3%Crosstalk
0.2%< 0.35%< 1%Non linearity
188ns190ns190nsShaping time
12mV / fC10.8mV / fC12mV / fCConversion gain
560e (12pF)566e (@12pF)< 1000eNoise

ProductionMPR VersionRequirementParameter

PASA Production and Test Summary
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< 40 mW / channel
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L1: 6.5μs
1 KHz

L2: < 100 μs
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1 MIP = 4.8 fC
S/N    = 30 : 1
DYNAMIC = 30 MIP
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FWHM = 190 ns

10 BIT
< 12 MHz

• BASELINE CORR.
• TAIL CANCELL.
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COUNTING ROOM

Each of the 36 TPC Sectors is served by 6 Readout Partitions

Readout bus
( 200 MB / s )

Control Network
(I2C-serial link)

ON  DETECTOR

Overall TPC:   4356 Front End Card           216  Readout Partitions
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Data Path Requirements of TPC
• The SY120 program will switch to one 4 second slow spill every 

2 minutes.
• The gaseous volume drift height is 75cm, corresponding to a 

maximum collection time of 15usec.
• The TPC grid is currently limited to a maximum pulse rate of 

3kHz. 
• The readout should be capable of a sustained rate of .3ms per 

event and a burst rate of .2ms per event.
• The 15360 channels of TPC are used to measure particle 

trajectory momentum and dE/dx.
• The detector is currently instrument with 128 analog/digital 

electronics cards “sticks” which would be designed to have 
PASA/ALTRO chips. 15360/128=120

• For the TPC there will be 250 samples per event channel to 
match the drift time of the detector.

• With a zero suppressed event size estimated to be 115kb for 
multi track events.



Data Path of TPC

• A 575mb/s burst rate readout could be 
achieved with 5-way parallel 115mb/s 
datapaths.

• Each PASA/ALTRO chip sets has a 
10bit 40MHz. ADC,  with digital signal 
processor and memory buffer.

• The chips are controlled over a 40bit 
wide bus that supports 200MB/s.

• The ALTRO event buffer will be able to 
fully buffer 8 events.



TPC 15360 channels 
15us drift time
3kHz maximum 
readout (300us)
115kbytes est. event

PASA

8 Pasa-Altros x16 ch each stick = 128 ch per stick
(?)# 124 sticks

4sec. spill every 120sec.

20MHz master clock (sample rate)

16 channel per PASA
250 samples per channel per event

16 channels per ALTRO

8 ALTRO per Stick

ADC

ADC

ADC

ADC

Data 
Processor

Data 
Processor

Data 
Processor

Data 
Processor

10 bit ADC 20MHz

Multi event buffer
1024x40

LV1 Trig
LV2 Trig

Multi event buffer
1024x40

Multi event buffer
1024x40

Multi event buffer
1024x40

200MBytes/sec 40bit data 
path (40MHz. Rclk)
Per ALTRO

ALTRO

Readout 
controller

115kbytes/300us=383Mbytes/sec
4secx383Mbytes/sec=1532Mbytes/spill
1532M/120=12.8Mbytes/sec

250bytes/event per ch x 16ch per Pasa-Altro=4000bytes/event 
1/300us=.3m max event rate
4000/.3m=13.3Mbytes/sec. per Pasa-Altro
8x13.3Mbytes=106.4Mbytes/sec per Stick

Rate into Readout System



TPC 15360 channels 
20MHz sample clk

PASA

8 Pasa-Altros x16 ch each stick = 128 ch per stick
(?)# 124 sticks

4sec. spill every 120sec.

20MHz master clock (sample rate)

16 channel per PASA
80Meg samples per ch. per spill

16 channels per ALTRO

8 ALTRO per Stick
Shared data path

ADC

ADC

ADC

ADC

Data 
Processor

Data 
Processor

Data 
Processor
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Processor

10 bit ADC 20MHz

Multi event buffer
1024x40

LV1 Trig
LV2 Trig

Multi event buffer
1024x40

Multi event buffer
1024x40

Multi event buffer
1024x40

200MBytes/sec 40bit data 
path (40MHz. Rclk)
Per ALTRO

ALTRO

Readout 
controller

Raw data un-suppressed rate of
4secx20Meg samples/sec=80M samples/spill
80Mx16=128M samples per Pasa-Altro/spill

Rate into Readout Buffer

250bytes/event per ch x 16ch per Pasa-Altro=4000bytes/event 
1/300us=.3m max event rate
4000/.3m=13.3Mbytes/sec. per Pasa-Altro
8x13.3Mbytes=106.4Mbytes/sec per Stick



What can be learned from E907 Front End Cards (Sticks)

The 128 front-end cards, known as “sticks,” sit in the electronics bay just 
below the pad plane. 
There are on-board power and interlock connections. 
The sticks are constructed of two multi-layer boards mounted on a thin 
aluminum wedge. When installed, the base of the wedge is in contact with 
the bottom of the electronics bay, which is water-cooled. This is the primary 
cooling for the sticks. 
The electronics bay is purged with nitrogen.  The exhaust passes a smoke 
detector on the AC interlock loop.
The sticks connect to the pad plane structure through a zero-insertion-force 
card edge connector (essentially an AMP Linear ZIF Connector). The pad 
plane and ZIF connector, in addition to connecting the pads to the sticks, 
encode the stick slot position and form an interlock for proper card insertion. 
If the card is not completely inserted, the interlock contacts are not made up, 
and the DC power supply interlock will not make up for that stick, preventing 
power from being applied to the board. The sticks also contain a thermal 
limit switch, set to open at 40°C, in the interlock chain.



The sticks are supplied ±15 V, ±5 V, and +6 V DC power through a 17-pin 
Molex connector. In addition, each stick receives two 10-pin ribbon cables, one 
for the slow control BitBus interface, the other for clock and trigger distribution. 
Finally, the digitized data are pushed out onto optical fiber using a Taxi chip.



Prototype Top level schematic of Altro/Pasa chips on Stick for Mipp



Close up of Prototype schematic



Schematic of Pasa/Altro chip set



Recommended layout of Pasa/Altro chip set
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17
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Front End Card 1/4

Top Side

Close up of Alice front end card with Pasa/Altro chip set



Close up Layout of Alice front end card with Pasa/Altro chip set



Close up Layout of Alice front end card with Pasa/Altro chip set



Layout of Stick with Pasa/Altro chip set



Closeup of T connection Layout of Stick with Pasa/Altro chip set



Close up of small stub connection Layout of Stick with Pasa/Altro chip set



Mechanical view of design using a daughter card for Pasa/Altro chip set



Layout of Stick with daughter card for Pasa/Altro chip set









Schematic of Stick Readout logic for Pasa/Altro chip set







Layout of Stick Readout logic for Pasa/Altro chip set



Block diagram of FPGA code for Readout logic of Pasa/Altro chip set



Alice readout card power should be similar to ours



25 Front End Cards

ALTRO

PASA

Power Connector

Readout and Control
Backplane

Readout Partition (3200 channels)

Readout & Control Backplane 2/3Alice readout cards mechanical arrangement



COOLING PLATES
(COPPER)

COOLING PIPE

Kapton Cables

Front End Card 3/4

• Production of 30K kapton cables  
completed 

• Full delivery end Nov 04

Milestone #230,  FEE cables

• Production of 4500 copper plates in 
progress. Half have been produced 

• Delivery: 1st lot Dec 04, 2nd lot Mar 05

Readout card cooling 



Backup



• Decide to migrate RCU-FPGA to XILINX
– SEU per Run (4 hours) = 3.7 => Not acceptable without reconfiguration

– ALTERA FPGAs do not provide real-time readback of configuration data

– Partial configuration while running upon error detection

• Decide to keep DCS board unchanged

• Port RCU design to new development environment

• Redundancy / triple voting schemes for vital circuits

• Verify expected performance under irradiation
– XILINX test @ OCL in August ’04

– System test @ TSL Q1 205 with large beam spot in May ’05

Radiation Tolerance Strategy

Readout Control Unit 2/7 
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